A new form of synaptic plasticity in the hippocampus is activated during high-frequency afferent activity, producing potent effects on local inhibition.
The hippocampus is a brain area necessary for the pared acutely. We have focused on synaptic plasticity of interneurons in stratum radiatum of hippocampus, development of normal memory, and has therefore been the focus of intense investigation to define the since synapses onto pyramidal neurons in this stratum undergo robust LTP. Brief, high-frequency stimulation cellular changes that underlie memory formation. The synapse is the site of communication between neurons, of the glutamate-releasing afferents is an effective method of inducing LTP on pyramidal cells in brain and changes in synaptic strength have long been considered a likely mechanism for neural information storslices. We have used this stimulus technique while recording intracellularly from inhibitory interneurons to age. Two examples of changes in synaptic strength have been described at excitatory glutamatergic syndetermine whether their excitatory synapses will express some type of plasticity ( Figure 1a ). apses onto the principle output neurons of the hippocampus, the pyramidal cells. Both long-term synaptic Our simplest expectation was that since the glutamate-releasing afferents undergo LTP at their pyramipotentiation (LTP) and long-term synaptic depression (LTD) have been observed following different patterns dal cell synapses, the same afferents would also undergo LTP at interneuron synapses. After a period of stimulation of the presynaptic glutamate-releasing afferent fibers. [1] [2] [3] These examples of synaptic plasticity of stable synaptic responses to low-frequency afferent stimulation, we delivered a high-frequency stimulation may represent the building blocks used by the nervous system for the storage of information. LTP may also be (tetanus) through the same stimulating electrode. To our surprise, synaptic transmission at synapses on involved in the pathological strengthening of excitatory neurotransmission during the development of interneurons was depressed rather than potentiated (Figure 1b, top) . The depression had a rapid onset and epileptiform activity.
To fully describe hippocampal circuits used during persisted for the duration of recording, up to 70 min. Strikingly, simultaneous recordings from neighboring plastic changes, we must consider not only the role of the excitatory pyramidal neurons, but also that of pyramidal cells showed synaptic potentiation ( Figure  1b , bottom). Thus, the very same stimulus protocol that inhibitory interneurons. Interneurons are local circuit neurons that release the inhibitory neurotransmitter, elicits LTP at pyramidal cell synapses elicits long-term depression at synapses onto interneurons. GABA, onto multiple pyramidal cells. There is only one inhibitory interneuron for every hundred pyramiAs yet we know little about the cellular mechanisms that underlie interneuron LTD. We are currently focusdal cells in the hippocampus, yet each interneuron has extensive local axon collaterals, suggesting that each ing on this issue, because interneuron LTD may represent a novel fundamental mechanism by which centime an interneuron fires an action potential, over one thousand pyramidal cells will be simultaneously tral nervous system synapses may be depressed. We have contrasted the properties of interneuron LTD with inhibited. 4 Normal hippocampal function depends on the integrity of inhibitory circuits: when GABA recepthose of pyramidal cell LTP. First, and most obviously, the same pattern of synaptic activity that elicits pyrators are experimentally blocked, epileptiform bursting results.
5 Control of interneuron excitability thus promidal cell LTP causes LTD at interneuron synapses. Second, interneuron LTD is not induced by pairing vides control over hippocampal networks. We have therefore investigated whether the strength of excitlow-frequency afferent stimulation with postsynaptic depolarization. 'Pairing' triggers robust LTP in pyramiatory synapses on interneurons can be modified. 6 The hippocampus is organized into several strata, dal cells, presumably by providing a large Ca 2+ influx through NMDA channels (a subtype of glutamate which are preserved when transverse slices are prereceptor); Ca 2+ is a necessary second messenger in LTP induction. 7, 8 In interneurons, however, neither LTD nor LTP were induced by a pairing protocol, despite interneurons. Our result suggests that Ca 2+ entry frequency, glutamate synapses on inhibitory interneurons will be depressed, rendering the interneuron less through NMDA channels is not sufficient to trigger interneuron LTD, and if Ca 2+ is a necessary intracelluexcitable. The weakening of multiple synapses all over the interneuron will have a great impact on the ability lar messenger, it may enter the cell by another route. One possible candidate is the Ca 2+ -permeable AMPA of these neurons to inhibit local pyramidal cells. GABAergic interactions fall into two classes, preferenchannel (a second subtype of glutamate receptor), which is not present on all neurons but is expressed tially forming synapses on either the dendritic arbor of local pyramidal cells, or on pyramidal cell bodies. by a subset of hippocampal interneurons. 9 These could therefore serve as a route of Ca 2+ entry during interneuInhibition of cell bodies powerfully inhibits the postsynaptic neuron at the site of action potential generron LTD.
One final important difference between interneuron ation, and can synchronize the firing of groups of pyramidal cells. In contrast, inhibition directed to the and pyramidal cell plasticity is that LTP is synapsespecific, but interneuron LTD is not. When LTP is trigdendrites will interact with specific excitatory synapses that are exclusively localized here. Both classes gered at one set of synapses, neighboring inactive synapses on the same pyramidal cell remain unpoof interneuron exhibit LTD, suggesting that both types of inhibition are weakened after high-frequency affertentiated. This specificity allows an individual pyramidal cell to integrate information, since one or a ent activity. The ultimate outcome will be persistent disinhibition of the hundreds of pyramidal cells prefew synapses can store information independently from others on the same neuron. In contrast, when two viously inhibited by the interneuron. Highly active afferents will increase hippocampal excitability independent sets of synapses on a single interneuron were tested, high-frequency stimulation resulted in through a dual mechanism, simultaneously depressing synapses onto interneurons and potentiating excitatory LTD at both synaptic sites. The simplest explanation for this result is that interneuron LTD results when an synapses on pyramidal cells. The physiological conditions that trigger interneuron intracellular signal spreads along the postsynaptic dendrite to depress multiple interneuron synapses. Inter-LTD are not yet known, however interneuron LTD is likely to result after high-frequency afferent activity neurons on stratum radiatum lack spines, and their simple dendritic structure may encourage the rapid during epileptiform bursting. Interneuron LTD may therefore contribute to the dormant basket cell intracellular spread of second messengers throughout the interneuron. Alternatively, interneuron LTD could phenomenon observed in animal models of epilepsy. 11, 12 Although basket cells (interneurons) in epibe explained by the extracellular spread of a local factor released as a result of high-frequency afferent leptic tissue remain viable and can release GABA, they are functionally dormant following high-frequency activity. 10 Such an extracellular factor might also reach multiple synapses, explaining why interneuron LTD is afferent stimulation. Interneuron LTD thus may contribute to interneuron 'dormancy' in consequence of not synapse-specific.
What are the consequences of interneuron LTD for epileptiform electrical activity in hippocampus.
In conclusion, we have described a novel form of the local hippocampal circuit? Our data suggest that whenever presynaptic afferents are active at highsynaptic plasticity in the hippocampus activated dur-
